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ABSTRACT 
I n  t h e  l a t e  1 9 8 0 ' s  o r  e a r l y  1 9 9 0 ' ~ ~  j e t  t r a n s p o r t s  w i l l  b e  h i g h l y  f u e l  
e f f i c i e n t  c o n f i g u r a t i o n s ,  u t i l i z i n g  h i g h - a s p e c t - r a t i o  s u p e r c r i t i c a l  w i n g s  a n d  
other   advanced  aerodynamic  concepts   to   reduce  drag.   While  much p r e l i m i n a r y  
work has  been  done in  the  deve lopmen t  of p r a c t i c a l  a i r p l a n e  c o n f i g u r a t i o n s ,  two 
areas of i n t e r e s t  n e e d  t o  b e  i n v e s t i g a t e d  f u r t h e r .  F i r s t ,  t h e  i m p a c t  o f  t h e  
inc reased  nose-down p i t c h i n g  molnents, c h a r a c t e r i s t i c  of s u p e r c r i t i c a l  w i n g s ,  
on t r i m  drag   mus t   be   assessed .   Second,   the   e f fec t   o f   the   h ighly   a f t -cambered  
s u p e r c r i t i c a l  wing s e c t i o n s  on the  pe r fo rmance  o f  l a t e ra l - con t ro l  sys t ems  needs  
to   be   de te rmined .   These  two a r e a s  are n o t   u n r e l a t e d .  An a i r c r a f t   e m p l o y i n g  
an  advanced l a t e r a l l a c t i v e  c o n t r o l  s y s t e m  w i t h  g u s t  and maneuver load allevia- 
t i o n ,  f l u t t e r  suppres s ion ,  and r e l axed  s t a t i c  s t a b i l i t y  may have a s m a l l e r  
h o r i z o n t a l  t a i l  w h i c h ,  i n  t u r n ,  may reduce  the  t r i m  d r a g  i n c r e m e n t  f o r  t h e  
a i r c r a f t .   E x p e r i m e n t a l   d a t a   i n   t h e s e   i m p o r t a n t   a r e a s  were o b t a i n e d   i n  two 
s e p a r a t e  wind tunne l  i nves t iga t ions  r ecen t ly  conduc ted  in  the  Lang ley  8 -Foo t  
T ranson ic  P res su re  Tunne l  a s  a p a r t  o f  t h e  NASA Ene rgy  Ef f i c i en t  T ranspor t  
Program. 
I n  t h e  EET H o r i z o n t a l  T a i l s  Inves t iga t ion ,  ae rodynamic  da ta  were measured 
f o r  f i v e  d i f f e r e n t  h o r i z o n t a l  ta i ls  on a fu l l - span  model  wi th  a wide-body 
f u s e l a g e .   T h r e e   o f   t h e   h o r i z o n t a l  t a i l s  were low- ta i l   con f igu ra t ions   and  two 
were T - t a i l  c o n f i g u r a t i o n s .  A l l  f i v e  t a i l s  were t e s t e d  i n  c o n j u n c t i o n  w i t h  
two wings,  a current wide-body wing and a h i g h - a s p e c t - r a t i o  s u p e r c r i t i c a l  w i n g .  
Local  downwash a n g l e s  a n d  d y n a m i c  p r e s s u r e s  i n  t h e  v i c i n i t y  o f  t h e  t a i l s  were 
a l so   measured   us ing  a yaw-head r ake .  The r e s u l t s  of t h i s  i n v e s t i g a t i o n  w i l l  
p rovide  a compar i son  o f  t he  ae rodynamic  cha rac t e r i s t i c s  o f  t he  two wing 
c o n f i g u r a t i o n s  a t  t r immed condi t ions  for  Mach numbers  between 0.60 and  0.90. 
I n  t h e  EET Lateral  C o n t r o l s  I n v e s t i g a t i o n ,  t h e  c o n t r o l  e f f e c t i v e n e s s  of 
a convent iona l  set of l a t e ra l  c o n t r o l s  w a s  measured over a Mach number range 
from 0.60 t o  0.90 on a h igh -aspec t - r a t io  supe rc r i t i ca l  w ing  semispan  mode l .  
The  convent iona l  cont ro ls  inc luded  a h igh - speed  a i l e ron ,  a low-speed ai leron,  
and s i x  s p o i l e r  s e g m e n t s .  The  wing was designed s o  t h a t  t h e  l a s t  25  p e r c e n t  
of  the  chord  is removable t o  f a c i l i t a t e  t e s t i n g  o f  va r ious  con t ro l  sys t ems ,  
f o r  e x a m p l e ,  a c t i v e  c o n t r o l s .  
Because  these  inves t iga t ions  have  on ly  r ecen t ly  been  comple t ed ,  da t a  are 
n o t  y e t  a v a i l a b l e .  T h e  c u r r e n t  s t a t u s  and   an   ind ica t ion  of t h e  d a t a  o b t a i n e d  
i n  t h e s e  i n v e s t i g a t i o n s  w i l l  be  p re sen ted .  
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OBJECTIVES OF EET HORIZONTAL TAILS  INVESTIGATION 
The main object ive of  this  program w a s  t o  assess t h e  t r i m  drag of  a high- 
a s p e c t - r a t i o  s u p e r c r i t i c a l  wing  conf igura t ion  re la t ive  t o  t h e  t r i m  drag  of  a 
c u r r e n t  wide-body c o n f i g u r a t i o n .   I n c l u d e d   i n   t h e   i n v e s t i g a t i o n  were tests t o  
s t u d y  t h e  e f f e c t s  of h o r i z o n t a l - t a i l  p o s i t i o n  ( l o w - t a i l  v e r s u s  T - t a i l ) ,  
h o r i z o n t a l - t a i l  c a m b e r ,  e l e v a t o r  e f f e c t i v e n e s s ,  a n d  a s u r v e y  o f  t h e  f l o w  f i e l d  
i n  t h e  v i c i n i t y  o f  t h e  h o r i z o n t a l  t a i l s  w i t h  a yaw-head r a k e  t o  d e t e r m i n e  
l o c a l  f l o w  a n g l e s  and  dynamic  pressures .   Figures  1 and 2 show the  models   used 
i n  t h i s  i n v e s t i g a t i o n  i n  t h e  L a n g l e y  8-Foot  Transonic  Pressure Tunnel .  
F igu re  1. 
F igu re  2 .  
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LOW-TAIL WIND TUNNEL MODEL 
A s k e t c h  o f  t h e  m o d e l  w i t h  t h e  t h r e e  low h o r i z o n t a l  t a i l s  is  shown i n  
f i g u r e  3 .  H1 and H , shown  by t h e  s o l i d  l i n e ,  h a v e  a smaller planform area 
than  H 2 ,  shown by t i e  d a s h e d   l i n e .  H and H have   cambered   supercr i t ica l  a i r -  
f o i l  s e c t i o n s  and H3 has  a symmetricai s u p e r c r i t i c a l  s e c t i o n .  The h o r i z o n t a l  
tai ls  used  inc idence  b locks  which  a l lowed ro ta t ion  of t h e  t a i l  from - 4 O  t o  4 O  
i n  0.5' i nc remen t s .   Add i t iona l ly ,   t he   cambered   ho r i zon ta l  t a i l s  H and H2 had 
30-pe rcen t - chord  fu l l - span  e l eva to r s  w i th  ang le  b racke t s  fo r  de f l ec t ions  up t o  
- +5'. T h e s e  b r a c k e t s ' a r e  v i s i b l e  i n  t h e  p h o t o g r a p h  o f  t h e  m o d e l  i n  t h e  wind 
t u n n e l   ( s e e   f i g .   1 ) .  
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LOW TAIL CONFIGURATION 
SUPERCRITICAL WING 
Figure  3. 
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T-TAIL WIND-TUNNEL MODEL 
A s k e t c h  of t he  mode l  i n  the  T - t a i l  c o n f i g u r a t i o n  is shown i n  f i g u r e  4 .  
H has  a cambered s u p e r c r i t i c a l  a i r f o i l  s e c t i o n  and H 5  has  a symmetr ica l  
s e c t i o n .  The h o r i z o n t a l  t a i l s  f o r  t h e  T - t a i l  a l s o  had  incidence  blocks  which 
a l lowed  ro ta t ion   be tween - 4 O  and 4 O  i n  0 . 5 O  increments .  The  cambered t a i l ,  
had   an   e l eva to r   w i th   ang le   b racke t s  similar t o  H and H2.  A photograph  of 
t h e  T - t a i l  c o n f i g u r a t i o n  is shown i n  f i g u r e  2 .  
4 
H 4  
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T-TAIL CONFIGURATION 
WING 
Figure  4 .  
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HORIZONTAL- AND VERTICAL-TAIL  AIRFOILS 
Figure  5 shows s k e t c h e s  o f  t h e  a i r f o i l  s e c t i o n s  u s e d  f o r  t h e  h o r i z o n t a l  
and v e r t i c a l  ta i ls .  A 1 0 - p e r c e n t - t h i c k   c a m b e r e d   s u p e r c r i t i c a l   a i r f o i l  w a s  
u s e d   f o r   h o r i z o n t a l  ta i ls  H H , and  H A 10-percent - th ick   symmetr ica l  
s u p e r c r i t i c a l  a i r f o i l  w a s  u sed  $o r  ho r l zon ta l  tails H3 and H and w a s  a l s o  u s e d  
f o r   t h e   l o w - t a i l  ve r t i ca l  V1. A 12-percent - th ick  symmetrica? s u p e r c r i t i c a l  
a i r f o i l  was u s e d  f o r  t h e  T - t a i l  v e r t i c a l  V 2 .  
1' 4' 
HORIZONTAL AND VERTICAL TAIL AIRFOILS 
10% THICK CAMBERED 
10% TH ICK SYMMETR ICAL 
, 
12% TH I CK  SYMMETR I CAL 
Figure  5. 
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TAIL CHARACTERISTICS 
Several impor tan t  t a i l  parameters  are p r e s e n t e d  i n  f i g u r e  6 f o r  e a c h  t a i l .  
The t a i l  area l i s t e d  f o r  t h e  h o r i z o n t a l  tai ls  is t h e  t r a p e z o i d a l  area extended 
t o  t h e  f u s e l a g e  c e n t e r  l i n e , ,  b u t  f o r  t h e  vertic,al t a i l s ,  t h e  area shown is 
exposed area. T a i l  vo lume   coe f f i c i en t   g ives  an i n d i c a t i o n  o f  t h e  t a i l ’ c o n t r i -  
b u t i o n  t o  o v e r a l l  s t a b i l i - t y  l e v e l  and is d e f i n e d  as 
tSt - -  
c t - c s  - w w  
where i t  = t h e  d i s t a n c e  f r o m  t h e  c e n t e r  of g rav i ty   t o   t he   ae rodynamic   cen te r  
o f   t he  t a i l  
S t  = t a i l  planform area 
- 
c = mean aerodynamic  chord  of  the  wing 
W 
Sw = wing planform area 
These t a i l s  were des igned  to  have  approx ima te ly  the  same r e l a t i v e  s i z e  and 
t a i l  volume c o e f f i c i e n t  as c u r r e n t   t e c h n o l o g y   a i r c r a f t .  However,   because  the 
mean aerodynamic chord for  the wide-body configurat ion was l a r g e r  t h a n  f o r  t h e  
s u p e r c r i t i c a l  w i n g  c o n f i g u r a t i o n ,  t h e  t a i l  volume c o e f f i c i e n t s  f o r  t h e  w i d e  
body a r e  less. 
Neglec t ing  t a i l  d i h e d r a l ,   h o r i z o n t a l  ta i ls  H H , HqY and -H have   t he  
same  geometry  and  planform area. which is s l l g h t j y   l a r g e r   t h a n   t h e   o t h e r  
h o r i z o n t a l  t a i l s ,  w a s  d e s i g n e d  t o  h a v e  t h e  same exposed area and t a i l  volume 
c o e f f i c i e n t  as t h e  T- ta i l  h o r i z o n t a l  t a i l s  H ,  and H,. 
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Figure  6 .  
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YAW-HEAD RAKES 
The  two  yaw-head rakes used to  measure local  f low angles  and dynamic 
p r e s s u r e s  are shown i n  f i g u r e s  7 and 8. Data  w e r e  measured a t  two spanwise 
t a i l  l o c a t i o n s  f o r  e a c h  set of wing panels i n  b o t h  t h e  l o w - t a i l  a n d  T - t a i l  
c o n f i g u r a t i o n s .  The d a t a  f r o m  t h e s e  r a k e s  w i l l  b e  h e l p f u l  i n  s e p a r a t i n g  t h e  
e f f e c t s  of the  wing  downwash f i e l d  and wing wake energy losses on horizontal-  
t a i l  e f f i c i e n c y .  
F i g u r e  8. 
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SUMMARY OF DATA ACQUIRED 
A summary o f  t h e  d a t a  a c q u i r e d  i n  t h i s  i n v e s t i g a t i o n  is shown i n  f i g u r e  9. 
Aerodynamic d a t a  were t a k e n  f o r  e a c h  set of  wing  panels  in  combina t ion  wi th  
e a c h  o f  t h e  f i v e  h o r i z o n t a l  t a i l s .  Data w i t h  e l e v a t o r  d e f l e c t e d  were taken  
fo r  bo th  wings  wi th  t a i l s  HlY H , and HqY as w e l l  as yaw-head r a k e  d a t a  a t  two 
s p a n w i s e  t a i l  l o c a t i o n s  f o r  b o d  t h e  l o w - t a i l  and T- ta i l  c o n f i g u r a t i o n s .  
Aerodynamic d a t a  w i t h  t h e  w i n g  p a n e l s  removed were t a k e n  t o  d e t e r m i n e  t h e  l i f t  
and  drag  of each t a i l .  The l a r g e  amount  of d a t a   f r o m   t h i s   r e c e n t   i n v e s t i g a t i o n  
1:ss n o t   b c c ~  E u l l v  analyzed an2 w i l l  no t  be  p re sen ted  a t  t h i s  t i m e .  
EET TAILS INVESTIGATION DATA ACQUIRED 
WING 
scw-4 
T A I L  
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YAW  HEAD  RAKE 
LOW-TAIL ( 2  POSITIONS)  
T-TA IL ( 2 POS IT IONS)  
LOW TAIL ( 2 POS IT IONS)  
T-TAIL ( 2  POSITIONS)  
Figure  9 .  
1 30 
I -  
OBJECTIVE OF EET LATERAL CONTROLS  INVESTIGATION 
The o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  is t o  d e t e r m i n e  t h e  l a t e r a l - c o n t r o l  
e f f e c t i v e n e s s  p a r a m e t e r s  f o r  a i l e r o n s  and s p o i l e r s  on a h igh -aspec t - r a t io  
s u p e r c r i t i c a l   w i n g   c o n f i g u r a t i o n .   I n i t i a l l y  a c o n v e n t i o n a l l y   s i z e d  lateral-  
cont ro l  sys tem wi th  h igh-  and  low-speed a i l e r o n s  and s p o i l e r s  w a s  t e s t e d .  
More advanced  con t ro l  sys t ems  ( e .g . ,  ac t ive  con t ro l s )  may a l s o  b e  t e s t e d  i n  
t h e  f u t u r e .  F i g u r e  10 shows the  semispan  model  used i n  t h i s  i n v e s t i g a t i o n  i n  
the Langley 8-Foot  Transonic  Pressure Tunnel ,  
F igure  10. 
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WIND TUNNEL MODEL 
A ske tch  of  the  h igh-aspec t - ra t io  supercr i t ica l  wing  semispan  model  wi th  
a convent iona l  set of la teral  c o n t r o l s  is shown i n  f i g u r e  11. The  model  has 
a high-speed  and a low-speed  a i leron and s i x  s p o i l e r  s e g m e n t s .  A f low-through 
nace l l e  and  py lon  are l o c a t e d  a t  40 percent  of  the wing semispan and the model  
h a s  t h e  c a p a b i l i t y  o f  t e s t i n g  w i n g l e t s .  The  wing is  ins t rumen ted   w i th  seven 
i m p o r t a n t  f e a t u r e  of the  model  is t h a t  t h e  l a s t  25  percent  of  the  wing  chord  
i s  r e m o v a b l e ,  a n d  t h e r e f o r e  d i f f e r e n t  c o n t r o l  s y s t e m  c o n f i g u r a t i o n s  c a n  b e  
t e s t e d .  
' rows   of   p ressure   tubes   and   has   h inge  moment g a u g e s   f o r   b o t h   a i l e r o n s .  An 
CONVENTIONAL LATERAL CONTROLS ON SEMISPAN MODEL 
A.  R. = 9.8 QUARTER-CHORD  SWEEP = 30' 
n FUSELAGE  LOCATION 
I II p\ I ENGINE LOCATION = 40% S E M I S P A N  
I I- l l  I \  
LOW SPEED AILERON e 
Figure  11. 
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MODEL CONTROL SURFACES 
Detail p h o t o g r a p h s  o f  t h e  c o n t r o l  s u r f a c e s  a r e  shown i n  f i g u r e s  1 2  a n d  13. 
I n  t h e  i n i t i a l  wind tunnel  tes t  of t h e  c o n v e n t i o n a l  l a t e r a l - c o n t r o l  s y s t e m ,  d a t a  
were measu red  fo r  i nd iv idua l  de f l ec t ions  o f  t he  h igh - speed  a i l e ron  (-12.5' t o  
12.5O),   the   low-speed  a i leron (-17.5O t o  1 7 . 5 O ) ,  and   t he   fou r th   spo i l e r   s egmen t  
(5O, loo, 20°, 60'). I n d i v i d u a l   d e f l e c t i o n s  of t he   r ema in ing   spo i l e r s   and  com- 
b i n a t i o n s  o f  c o n t r o l s  w i l l  b e  t e s t e d  i n  f u t u r e  wind   t unne l   en t r i e s .   Aga in ,  
b e c a u s e  t h i s  i n v e s t i g a t i o n  was o n l y  r e c e n t l y  c o m p l e t e d ,  d a t a  are n o t  a v a i l a b l e  
and w i l l  n o t  b e  p r e s e n t e d .  
I 
Figure  1 2 .  
F igu re  13. 
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